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Obijective: At present, there is no consensus regarding the standard treatment for glioblastoma
(GBM) in elderly patients with impaired Karnofsky performance status (KPS) scores. This study
aimed to determine the effects of temozolomide (TMZ) versus best supportive care (BSC) in
this population.

Materials and methods: We conducted a retrospective observational study of patients
aged =65 years with histologically confirmed GBM and KPS scores =70 who were treated
at our institution between January 2006 and July 2014. Demographic data, treatments, and
outcomes were evaluated. Univariate and multivariate analyses were performed to identify the
independent prognostic factors of overall survival (OS) and progression-free survival (PFS).
The impact of TMZ on survival was analyzed by the application of propensity score matching
of clinicopathological factors among patients who received TMZ vs BSC.

Results: There were 153 patients (86 men, 56.2%) in this study. The median patient age was
70 years (range: 65-83 years). The median KPS score was 60 (range: 30—70). Seventy-eight
patients (51.0%) received TMZ, whereas 75 (49.0%) received BSC. Median OS and PFS were
6.0 and 4.5 months, respectively. Compared with BSC, TMZ was associated with improved OS
(hazard ratio [HR]: 0.38, 95% CI: 0.17-0.70; P=0.002) and PFS (HR: 0.41, 95% CI: 0.21-0.76;
P=0.003) after propensity score matching. Factors independently associated with OS were KPS
score (HR: 2.11, 95% CI: 1.48-7.67; P=0.016), extent of resection (HR: 1.98, 95% CI: 1.45-5.14;
P=0.026), and treatment group (HR: 0.49, 95% CI: 0.23-0.87; P=0.019). The most frequent
toxicity in the TMZ group was myelosuppression.

Conclusion: Compared with BSC, TMZ increased survival with acceptable toxicity in elderly
GBM patients with KPS scores =70.
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Introduction

Glioblastoma (GBM) is the most frequent and most aggressive primary brain
malignancy, with an incidence of >3 per 100,000 individuals per year.' In addition, the
incidence rate of GBM in patients aged >65 years is increasing rapidly, with reported
incidence rates of up to 10.6 per 100,000 individuals in this age cohort.? The number
of elderly patients with GBM is expected to increase in the near future as the elderly
population increases. Several studies have revealed a survival benefit of adjuvant
radiotherapy and chemotherapy in elderly GBM patients with a good performance
status.>* However, the optimal management strategy for elderly GBM patients with
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impaired performance status (Karnofsky performance status
[KPS] score =70) has not yet been determined because of
the paucity of data available from this fragile population.
Furthermore, owing to the intolerance to radiotherapy and
the short expected survival times, these patients frequently
receive only best supportive care (BSC).°

Temozolomide (TMZ) is an alkylating imidazole tetrazine
derivative that is well tolerated in GBM patients. A recent
study has revealed that TMZ prolongs survival and hence
should be considered as a standard treatment option in
elderly patients with GBM.” We undertook the present study
to determine the effectiveness of TMZ relative to BSC in
improving the prognosis of elderly patients with GBM and
KPS scores of =70. In addition, we conducted a propensity
score-matching analysis to adjust for between-group dispari-
ties of clinically relevant covariates.

Materials and methods

Patient cohort

We retrospectively reviewed the medical records of
153 patients aged =65 years who were histologically con-
firmed to have GBM in the Affiliated Hospital of Binzhou
Medical University between January 2006 and July 2014.
The inclusion criteria included the following: 1) histologi-
cally proven GBM according to the WHO classification;
2) age =65 years; 3) KPS score =70; and 4) no history of
other malignancies. The medical records of each patient were
reviewed, and various patient, tumor, and treatment variables
were noted. Patient demographic characteristics, comor-
bidities, KPS scores, tumor characteristics, and therapies
delivered during the first course of treatment were recorded.
The Charlson weighted index of comorbidities (WIC) was
applied to obtain a descriptive analysis of this cohort’s
comorbidity burden.® Tissue samples and clinical data were
available for all patients. The DNA methylation status of
the MGMT promoter was determined using a methylation-
specific polymerase chain reaction method.” All participants
gave written informed consent to participate in this study,
and this study was approved by the ethics committee of the
Affiliated Hospital of Binzhou Medical University in the
People’s Republic of China.

All patients underwent surgery followed by adjuvant
chemotherapy or BSC. The surgeries were categorized
as radical resection, partial resection, or biopsy only. The
first cycle of adjuvant TMZ was administered at a dose of
150 mg/m? (days 1-5) and, depending on the tolerance, this
was increased to 200 mg/m? in the next cycle for a minimum
of six cycles every 4 weeks.

After completion of the treatment, the patients were
regularly followed up. Acute toxicity was evaluated accord-
ing to the Common Terminology Criteria for Adverse Events
version 3.0 (National Cancer Institute; National Institutes
of Health, Bethesda, MD, USA). The date of last follow-up
was May 31, 2016.

Statistical analysis

Differences in baseline characteristics were assessed using
the j* test in the case of categorical variables and the two-
sided #-test in the case of continuous variables. The logistic
regression model was applied to assess associations between
clinicopathological factors and TMZ treatment and to derive
propensity scores. Overall survival (OS) was defined as
the duration from the diagnosis of GBM until death or last
follow-up. Progression-free survival (PFS) was defined
as the duration from the diagnosis of GBM until the last
follow-up, the detection of locoregional recurrence or distant
progression, or death. Univariate analyses were carried out
using Kaplan—Meier plots and log-rank statistics. Variables
at significance levels of P<<0.1 on univariate analysis were
included in a multivariate analysis. Multivariate analyses
using the Cox proportional hazards model were applied to
identify the independent prognostic factors. To eliminate
bias introduced by the nonrandomized treatment assign-
ment, patients (TMZ group) and controls (BSC group) were
matched 1:1 by the nearest-neighbor method, using a caliper
distance of 15% of the SD of the estimated propensity score
logit to ensure good matches.'® The following independent
variables were included in the model, regardless of individual
statistical significance: age at diagnosis, KPS score, sex,
time of diagnosis, WIC, MGMT methylation status, serum
albumin level, and extent of resection. A competing-risks
analysis was applied to compare the different types of deaths
between the TMZ and BSC groups. The Gray test was applied
to compare the cumulative incidence functions estimated
in the competing risk analysis.!" Statistical analyses were
performed using the SPSS 18.0 software (IBM, Armonk,
NY, USA) and R version 3.2.2 (Institute for Statistics and
Mathematics, Vienna, Austria; www.R-project.org) with

R packages rms and cmprsk. P-values <0.05 were considered
statistically significant.

Results

Patient characteristics

A total of 153 consecutive patients aged =65 years with
histologically confirmed GBM and a postoperative KPS
score of =70 were reviewed in this study. The patient
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characteristics are summarized in Table 1. Of the 153 patients,
86 (56.2%) were men and 67 (43.8%) were women. In total,
78 patients (51.0%) received TMZ and 75 (49.0%) received
BSC. The median age was 69 years (range: 65-74 years)
in the TMZ group and 73 years (range: 65-83 years) in
the BSC group. The median KPS score in the entire cohort
was 60 (range: 30—70). The median symptom duration was
6 months (range: 1-10 months), and the most frequent symp-
toms were those caused by increased intracranial pressure
(eg, headache and vomiting), which occurred in 91 patients
(59.5%). Tumors were most frequently located in the frontal
lobe (53 patients, 34.6%). Forty-eight (31.4%) patients had
temporal lobe invasion. Nine patients (5.9%) had multilobar
involvement (=2 lobes involved). All patients underwent
surgery; macroscopic radical resection was performed in
64 patients (41.8%); partial resection was performed in eight
patients (5.2%); and biopsy only was conducted in 81 patients
(53.0%). There were no major comorbidities or postoperative
complications in any of the patients.

Patients in the TMZ group received a median of three
cycles of TMZ (range: 1-12 cycles). Dose delays occurred

in 19 patients (24.3%), and dose reductions were required
in 21 patients (26.9%) due to treatment-related toxicities,
such as myelosuppression. There were no statistically
significant differences between the two groups in terms
of'sex (P=0.517), KPS score (P=0.716), MGMT methylation
status (P=0.746), serum albumin level (P=0.901), and extent
of resection (P=0.416). The difference in the WIC was close
to — but did not reach — statistical significance (P=0.076).
Patients in the TMZ group were significantly more likely to
be younger (P=0.015) and be diagnosed between 2012 and
2014 (P=0.013; Table 1).

Survival outcomes and propensity score-

matching analysis

The median OS duration was 6.0 months, and the median PFS
duration was 4.5 months in the entire cohort. After propensity
score matching, 122 patients were available for outcome
comparison. In the propensity score-matched cohort, the
TMZ group had significantly better OS than the BSC group
(15.4% vs 9.8% after 1 year, P=0.002; Figure 1A). Similarly,
PFS was significantly better in the TMZ group than in the

Table | Baseline patient and treatment characteristics in the observational data set and in patients after propensity score matching

Characteristics Observational data set (n=153)

Propensity score-matched data set (n=122)

TMZ BSC P-value TMZ BSC P-value
n=78 (%) n=75 (%) n=61 (%) n=61 (%)

Age at diagnosis, years - - 0.015 - - 0.587
65-70 47 (60.3) 30 (40.0) - 33 (54.1) 29 (47.5) -
>70 31 (39.7) 45 (60.0) - 28 (45.9) 32 (52.5) -

KPS score - - 0.706 - - 0.716
60-70 45 (57.7) 41 (54.7) - 34 (55.7) 32 (52.5) -
<60 33 (42.3) 34 (45.3) - 27 (44.3) 29 (47.5) -

Sex - - 0517 - - 0.856
Male 46 (58.9) 40 (53.3) - 32 (52.5) 31 (50.8) -
Female 32 (41.1) 35 (46.7) - 29 (47.5) 30 (49.2) -

Time of diagnosis - - 0.013 - - 0.760
2006—2008 19 (24.4) 31 (41.3) - 17 (27.9) 19 31.1) -
2009-201 | 21 (26.9) 24 (32.0) - 18 (29.5) 20 (32.8) -
2012-2014 38 (48.7) 20 (26.7) - 26 (42.6) 22 (36.1) -

WwiIC - - 0.076 - - 0.365
=3 31 (39.7) 41 (54.7) - 27 (44.3) 33 (54.1) -
<3 47 (60.3) 34 (45.3) - 34 (55.7) 28 (45.9) -

MGMT methylation status - - 0.746 - - 0.856
Methylated 33 (42.3) 34 (45.3) - 29 (47.5) 30 (49.2) -
Unmethylated 45 (57.7) 41 (54.7) - 32 (52.5) 31 (50.8) -

Serum albumin, g/L - - 0.901 - - 0.810
<35 12 (15.4) I (14.7) - I'1(18.0) 10 (16.4) -
=35 66 (84.6) 64 (85.3) - 50 (82.0) 51 (83.6) -

Extent of resection - - 0416 - - 0.717
Radical resection 30 (38.5) 34 (43.6) - 27 (44.3) 30 (49.2) -
Partial resection/biopsy 48 (61.5) 41 (54.7) - 34 (55.7) 31 (50.8) -

Abbreviations: BSC, best supportive care; KPS, Karnofsky performance status; TMZ, temozolomide; WIC, Charlson weighted index of comorbidities.
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Figure | Kaplan-Meier estimated curves of (A) OS and (B) PFS in patients receiving TMZ vs BSC.
Abbreviations: BSC, best supportive care; OS, overall survival; PFS, progression-free survival; TMZ, temozolomide.

BSC group (9.8% vs 3.7% after 1 year, P=0.003; Figure 1B).
Univariate survival analysis in the propensity score-matched
cohort showed that the following factors were significantly
associated with worse OS (Table 2): age >70 years (hazard
ratio [HR]: 1.39, 95% CI: 1.02-2.28; P=0.031), KPS
score <60 (HR: 2.73, 95% CI: 1.58-7.29; P=0.003), partial
resection/biopsy (HR: 2.69, 95% CI: 1.59-6.39; P=0.003),
and BSC (HR: 0.38, 95% CI: 0.17-0.70; P=0.002). The fol-
lowing variables were associated with significantly worse
PFS on univariate analysis: KPS score <60 (HR: 3.11,95%
CI: 1.89-11.34; P=0.001), unmethylated MGMT promoter
(HR: 0.29, 95% CI: 0.13-0.88; P=0.0006), partial resection/
biopsy (HR: 4.15,95% CI: 2.34-10.46; P<<0.001), and BSC
(HR: 0.41, 95% CI: 0.21-0.76; P=0.003). The statistically
significant factors in the univariate analysis (P<<0.10) were
further analyzed using multivariate survival analysis.

In the multivariate Cox proportional hazards regression
model, KPS score (HR: 2.11, 95% CI: 1.48-7.67; P=0.016),
extent of resection (HR: 1.98, 95% CI: 1.45-5.14; P=0.026),
and treatment group (HR: 0.49, 95% CI: 0.23-0.87;
P=0.019) were identified as significant prognostic factors
for OS (Table 2). KPS score (HR: 2.15, 95% CI: 1.18-8.33;
P=0.004), MGMT methylation status (HR: 0.33, 95% CI:
0.26-0.89; P=0.013), extent of resection (HR: 3.76, 95%
CI: 2.58-7.36; P=0.002), and treatment group (HR: 0.56,
95% CI: 0.29-0.81; P=0.025) were significant prognostic
factors for PFS.

In addition, the cumulative incidence functions for
cancer events significantly differed between the two groups

(Gray test, P=0.025), but the cumulative incidence of the
competing event (documented noncancer death) was not
significantly different (Gray test, P=0.263) in the competing
risk analysis.

Toxicity

The TMZ cohort (n=78) was evaluated for toxicity. Most
documented acute toxicities were either mild or moderate.
The acute hematological toxicities that occurred in the TMZ
group are listed in Table 3. Nonhematological adverse events
of grade =3 consisted of cutaneous reactions (four patients,
5.1%) and hepatic toxicity (three patients, 3.8%). Throm-
boembolic events occurred in two patients (2.7%).

Discussion
The incidence of GBM has dramatically increased in the
elderly population.'? To date, the standard treatment for
elderly GBM patients remains undefined and controversial.
For elderly GBM patients with poor KPS scores, reasonable
treatment options include BSC and TMZ monotherapy.'* The
findings of the present study revealed that TMZ monotherapy
showed a survival advantage over BSC in elderly GBM
patients with poor KPS scores. This finding was supported
by the results of the propensity score-matching analysis,
which can address potential bias when retrospective data of
two nonrandomized groups are compared.

The propensity score enables the estimation of the
probability of undergoing a treatment given a vector of
observed factors. Compared with conventional case—control
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Table 2 Univariate and multivariate analyses in the propensity score-matched cohort (n=122)

Factors os PFS
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Age, years

65-70 Ref - Ref - Ref - - -

>70 1.39 (1.02-2.28) 0.031 1.26 (0.89-1.69) 0.148 1.19 (0.68-2.85)  0.170 - -
KPS score

60-70 Ref - Ref - Ref - Ref -

<60 2.73 (1.58-7.29) 0.003 2.11 (1.48-7.67) 0.016 3.11(1.89-11.34) 0.001 2.15(1.18-8.33)  0.004
Sex

Male Ref - - - Ref - - -

Female 0.81 (0.53-1.19) 0.259 - - 0.75 (0.26-1.33)  0.332 - -
Time of diagnosis

2006-2008 Ref - - - Ref - - -

20092011 1.28 (0.78-1.68) 0.268 - - 1.13 (0.75-1.54)  0.549 - -

20122014 0.86 (0.56—1.36) 0.093 - - 0.89 (0.63-1.69)  0.186 - -
WIC

=3 Ref - - - Ref - - -

<3 0.69 (0.59-1.15) 0.158 - - 0.81 (0.52-1.33)  0.258 - -
MGMT methylation status

Methylated Ref - - - Ref - Ref -

Unmethylated 0.65 (0.36-1.36) 0.169 - - 0.29 (0.13-0.88)  0.006 0.33 (0.26-0.89) 0.013
Serum albumin, g/L

<35 Ref - - - Ref - - -

=35 0.89 (0.62—-1.16) 0.158 - - 0.93 (0.78-1.32)  0.328 - -
Extent of resection

Radical resection Ref - Ref - Ref - Ref -

Partial resection/biopsy  2.69 (1.59-6.39)  0.003 1.98 (1.45-5.14) 0.026 4.15 (2.34-10.46) <0.001  3.76 (2.58-7.36) 0.002
Treatment

T™™Z 0.38 (0.17-0.70)  0.002 0.49 (0.23-0.87) 0.019 0.41 (0.21-0.76)  0.003 0.56 (0.29-0.81) 0.025

BSC Ref - Ref - Ref - Ref -

Abbreviations: BSC, best supportive care; HR, hazard ratio; Ref, reference; KPS, Karnofsky performance status; OS, overall survival; PFS, progression-free survival; TMZ,

temozolomide; WIC, Charlson weighted index of comorbidities.

adjustments, the propensity score-matching analysis is a
powerful tool that can be used to draw causal inferences
from observational data.'* By comparing the TMZ and
BSC groups by using propensity score-matching analysis,
we were able to control for important prognostic factors,
all of which were associated with GBM characteristics and
outcomes. In addition, we restricted the analysis to patients
aged =65 years with KPS scores =70 because age and
KPS score have been reported to play prognostic roles in
GBM. 57 Patients aged >60 years at the time of diagnosis

Table 3 Acute hematological toxicity (TMZ group, n=78)

Toxicities CTC grade

0 | 2 3 4
Anemia 32 28 15 3 0
Leukocytopenia 30 23 16 6 3
Neutropenia 14 34 25 3 2
Thrombocytopenia 15 26 29 8 2

Abbreviations: CTC, Common Terminology Criteria; TMZ, temozolomide.

have significantly worse prognosis than GBM patients
aged <45 years.” In addition, GBM patients with KPS
scores =90 have significantly longer survival times than
patients with KPS scores <90.!7 Using these measures, we
were able to minimize both the potential bias introduced by
these important confounders and the inherent selection bias
of a retrospective study.

Currently, the standard therapy for elderly GBM patients
with poor KPS scores is not well established. Because
radiotherapy requires daily trips to the hospital and induces
fatigue, it is considered inconvenient for these severely ill
patients with short survival expectancy. In addition, toler-
ance to radiotherapy remains an important concern in these
patients. Considering the lack of studies addressing the role
of chemotherapy in this population, elderly patients are less
likely to receive multiagent treatment and frequently receive
only BSC.* TMZ is an alkylating imidazole tetrazine deriva-
tive, which inhibits DNA replication and triggers cancer cell
death. Several recent studies have revealed that TMZ alone
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could be a reasonable alternative to radiotherapy in elderly
GBM patients.”!® A meta-analysis comparing TMZ alone
vs radiotherapy in elderly patients with GBM found that OS
was significantly longer in the TMZ group than in the radio-
therapy group,' indicating that TMZ alone is an effective
treatment option, especially in patients with MGMT promoter
methylation.'*? Perez-Larraya et al® conducted a nonrandom-
ized Phase II study, which enrolled 70 GBM patients aged
at least 70 years with KPS scores <70. The study revealed
that compared with BSC, TMZ could improve the functional
status and appeared to increase survival.® Another nonran-
domized Phase II trial assessed the efficacy and safety of
TMZ plus bevacizumab in elderly GBM patients with poor
performance status and reported that the median OS time was
24 weeks, with tolerable toxicity.?! Our study confirmed the
survival advantage of TMZ relative to BSC only in elderly
GBM patients with poor KPS scores. The TMZ group had a
significantly better OS than the BSC group, and this benefit
of TMZ remained significant in the multivariate models and
after propensity score-matching adjustments for important
clinical variables, notably age at diagnosis, KPS score, sex,
time of diagnosis, MGMT methylation status, WIC score,
serum albumin level, and extent of resection. The median
OS duration was 6.0 months, and the median PFS duration
was 4.5 months in the entire cohort, which is consistent with
previous studies.®"”

The MGMT gene encodes a DNA repair enzyme that could
abrogate the alkylating effect of TMZ and reduce its clinical
efficacy.?? Approximately 40%—45% of GBM tumors exhibit
hypermethylation of the MGMT promoter region, which
inactivates the MGMT gene and increases the clinical efficacy
of TMZ.?3%* Studies have shown that elderly GBM patients
have rates of MGMT promoter methylation similar to that in
younger patients, ranging from 40% to 60%.>° Reifenberger
et al® performed a large, prospective, observational study of
233 elderly GBM patients with the objective of determining
outcomes based on MGMT methylation status. The results
revealed that patients who had tumors that exhibited MGMT
methylation had significantly longer OS than patients who
had tumors without MGMT promoter methylation (median
OS: 8.4 months vs 6.4 months, P=0.031). The authors con-
cluded that MGMT promoter methylation might be a useful
biomarker to stratify elderly GBM patients.?’ Similar results
have been observed in younger populations.?*?* These find-
ings suggest that MGMT methylation is an important factor
determining outcomes in GBM patients with good perfor-
mance status. The ANOCEF trial enrolled 70 elderly GBM
patients with poor performance status and found that patients

with tumors with MGMT methylation had significantly longer
survival than those with unmethylated tumors (7.75 months
vs 4.5 months). Multivariate analysis also suggested that
MGMT methylation status was an independent prognostic
factor in the TMZ group.® Thus, the use of TMZ in elderly
GBM patients was safe and showed favorable clinical effi-
cacy. MGMT promoter methylation may be a useful and
predictive biomarker of TMZ efficacy to stratify elderly
GBM patients for treatment.

In the present study, multivariate analysis revealed that
the extent of resection and KPS score were independent
prognostic factors, which is in accordance with previous
studies.”?® In a retrospective study with post hoc analysis
of data from a prospective randomized Phase III trial,
Stummer et al?® reported that patients who underwent
complete resection had significantly better prognosis than
those who underwent incomplete resection (16.9 months
vs 11.8 months; P<<0.001), and multivariate analysis also
showed that postoperative residual tumor was a significant
predictor of poor prognosis.?

In our study, the toxicity profile of TMZ in elderly GBM
patients was acceptable, even in those with impaired KPS.
The most frequent toxicity documented was myelosuppres-
sion, which is in line with a previously reported series in
elderly patients.”3° Overall, elderly patients with impaired
KPS may be able to tolerate TMZ chemotherapy well.

There are several inherent limitations in this study. The
current study is unavoidably limited by its retrospective
nature and the fact that it was conducted in a single institution.
The propensity score-matching analysis could mitigate bias in
the baseline characteristics, but this analysis cannot replace
a prospective randomized trial. Furthermore, unknown or
unmeasured confounders could not be taken into account,
and this might lead to some residual bias.

Conclusion

Treatment with TMZ was a more effective option than BSC,
with tolerable toxicity in elderly patients with GBM and
impaired KPS.

Disclosure
The authors report no conflicts of interest in this work.
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